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IIuring the J 991 MA C-}iUROPll  campaign, tlK Castilla 1.a-Mancha  region of Spain
was surveyed by the multi-frequency (1’-, 1.-, C-band) polarimctric  AIRSAR  of Jet
Propulsion 1,abora[ory. I’hc cxpcrimc.nt  was devised to demonstrate the role of SAR
imagery in detecting and estimating surface parameters SUCII as soil moisture and canopy
water content. “1’wo SAR images which WCIC acquired almost a month apart  (June 19 and
July 14, 1991 ) over Barrax site have been analyzed in conjunction with ground truth data in
ordc,r to show the sensitivity of SAR frcx]uc.ncy  and polarization combinations to variaticms
of surface paramters.  It is shown that the 1.-band and C-band J IV polarizations arc more
suitable to estimate the canopy water content whc.reas 111 I and VV polarizations ax-c
sensitive to both canopy water content and soil surface moisture. ‘1’bus, an inversion
algorithm based on cross-polarizcxl  ]uopcrtim of SAR data has been developed to estimate
the canopy water content, “J’hc results of the inversion technique is in agreement with
ground truth ltncasurcnvmts  and site observations. “1’hc canopy water content is then used
to correct the co-polarized backscattm-xt  images  for vcgct at ion effects and ncw ima:,e.s arc
crcatcd which arc only sensitive to soil surface moisture ancl roughness. Ikom the ncw
images, the surface soil moisture over the entire region is estimated and the result is
compared with in situ n~casurcmcnts.

1.() lNrl’ROl)lJCl’lON

‘J’IIc mcasumncnt  of sc)il  moistulc  is important for understanding the global
hydrologic cycle and its effect on wcathm and climate. On a global scale, soil moisture is
important as a boundary condition for hydrologic and climate modc]s. On a regional scale,
it is important for agricultural assessment (mop yieJd models, drought assmmnt, ctc) and
flood control. Microwave sc]~sors offer the, potcntia]  for rcmotc]y measuring moisture in
the soil bccauw  of the large change the addition of water makes to the. dielectric constant of
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dry soil [Ilngman and Gurney, 1991]. 1 lowc.ver,  the presence of a vegetation canopy
complicates [be retrieval of moisture in the underlying soil because. tbc. canopy scatters and
contains moisture. of its own.

in rcccnt years, there has been an in(cnsive  effort among remote sensing scientists
to unctcrstand  tbc effect of vegetation in rc(t-icving  soil moisture and to ctcvclop  techniques
10 monitor ancl measure the vegetation biopbysica]  status on regional and global  scales.
‘J”hcse efforts are main] y centered around 1 ) tbc pararnctrizatitin  of the vegetation canopies
such as forest, grasslands, and agricultural crops , 2) t}lc dcvclopmcnt of Scn sol’s, both
optical and microwave, for monitoring and measuring lanct-sur~~cc parmctcrs, and 3) the
dcvclo~mcnt  of algorithms to estimate surface. ~)aran~ctcrs  over a variety of c.nvircmmcntal
conditions and spatial scales. onc of tbc most useful ])aramctcrs for cicfining  the vegetation
s{atus is tbe canopy water content anct/or bionms.  Microwave instruments arc shown to bc
sensitive to canopy water content in particular in agricultural fields and natural pastures.
By knowing the canopy water mntcnt,  oJie. might bc able to eliminate tbc shielding effect of
vcgctaticm and to estimate tbc soil moisture over a var;cty  of land surfaces,

In this study, estimation of soil moisture and canopy water content of agricultural
crops at c, considered, These canopies am often col~sidcrcci  sparse or low vegc(atcd.  1 Xw to
the penetration of radar translnitted  signal tbrcmgll  crop canopies, the water content of the
canopy and the moisture of unctcrlying  soil affect the rcccivcd signal [lJlaby, a al., 1986].
}Jor dense canopies such as forests, tbc. radar lcccivc.d  signal is sensitive to the water
content of tbc top layer of tbc canopy. Rwcntly, there have studies to relate the radar return
signal to the forest biomass and possibly infer valuable information about the forest stands
[1 .e”l’oan,  et al., 1992., IIobson, et al.,  1992].

“J’bis study is focused on the data acquired during  tbc MAC-I; LJROPI1 campaign
during t}lc summer of 1991. ‘1’hc objcmive.s  of the cxpcrimc.nt  arc discussed clscwhe.rc
[Ilollc and Stmckc.nbach,  1992]. ‘lshe Jet l’roptllsion 1.aboratory  team acquired images over
the. CMtilla  1.a-Matlcha  area using the. SAR (Synthetic Apcr{ure  Radar) aboard tbe NASA
IX-8 aircraft, “J’hc SAR data have the potential to contribute. to the. c.xpc.rimcnt goals by
measuring surface parameters, in pariicu]ar,  for scaJing estimated soil moislurc  and
vc.gctaticm pa~amctcrs  from high rcscdut  ion (meters) to local (km) and regional scales (10-
100 km), SAR may play a significant role [Saatchi a al., 19!!3].

‘1’hc experiment site. is discussed in section 2.,0, 1 n section 3.0, tbc SAR data
acquired over Barrax arc explained and the processing and calibration pIoccclurcs  arc,
discussed. in section 4.0, a synoptic review of tile in stiu measurements during  the SAR
flights arc given. ‘1’hc modeling and inversion algorithms arc cliscussc.d in sections 5.() and
6.0 rcspcctivcly.  A summary and tbc concluding remarks arc given in section 7.0. ]

2.() Study Area
‘1’hc cxpcrimcnta] sites dtwing the IH;JHIA  (I;uropcan International l’rogl am on

Climate l’lydmlogica]  interactions bctwccn  Vcgcta[ion,  Atnlospbcrc.,  and 1 and Surface,
I{C111 VAI., liicld 1 lxpcrimcnt  in IM.scrtification  “1’hrcatcned  Areas) calnpaign  covcrcd an
area of almost 10~ kn12 bc.twecn  3$055’-40005’ N and 2.o 1 1‘ -30 11’ W in the central
plateau of Spain within the Castilla  1.a-Mancha  basin. “l$hrcc  supcrsitcs within ttlc
cxpc.rimcntal  area were c.hoscn for tbc field activities and aircraft mcasmcmnts. ‘1’hc area
is a relatively flat plain bounded by mountains to the nor(h, cast and south. I)uc to the over
exploitation of groundwatcr rcsourccs  for crop irrigation, tbcrc has been a continuous
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dcplcticm of the grounctwater  elevation. It has been shown that this area, compared  to its
neighbor-ing basins with less dramatic  dcclcase,  in groundwatcr,  will se,vclclycol~tiil~lltc  to
climatcchangcs  ancl Illaycatlsc})ig}lcrl]lcatl tcllljlc.ralllrcsal)d  ]owcr rainfalls [Ilollc and
Strcckcnbac}),  1992].

l~rom the three supcrsitcs only the llarrax site is chosen for the SAR data analysis in
this study, This sitcissituatcciin  tl~c, ~~’cstof  tl}c~~rovil~ccof  Albacctc, 28knlfromthc
Capita] lown. 'l`tlc]aIldscaJJc  is flat v'it}lllC)  c}larlgc  ofc]cvatiCJ]l  lllorctlJall  2%, (sloJ)cslcss
than 2 m) over the whole area, “1 ‘he rcgiontil wam table  is 20-30 m below the land surface.

‘1’hc climate of the area is h4cditcrrancan, with hctiviest  rainfalls in spring and
autumn and IIowcst in summer. “J’hc average annual tcmpcraturc is 14.10 C, the }~o(tcst
month  is July with average tcmJ~craturc of ?,4 .60 C and the coldcs~  month is January with
an average tcmJ)craturc  of 3.90 C, ‘J’hc average rainfall in the region is 500 mm with 72
rainy days and the cwapotranspiration  is 775 mm ] Vissers and ? loakman, 1992].

“1’hc  surface area of the site is approximately 10,000 ha which is dominated by dry
land and irrigated land cultivations distributcct  as given in ‘1’able 1.

‘J’able 1 IIistribution  of the land cover in Harrax site
.—. _—— ________

1 )Jy 1 and C~v~lfi-––.—— ————-...—,
6S14 ha (65%):
Winter C&cal;  67%
l%lIcw 1 .anct 33%

.—. —
l~atcd  land

1

——_..—. --__———_.——
3486 (35%)
Coro 75%
llarlcy-Sunflower  15%
Alfalfa 5%
Onions 3%
Vegetables 2% .—

l~ifiurc  1 shows the land cover distribution in the Harrax site. During the cxpcrimcnt
the. land u~c and the crop covers do not complctc]y  match with the ones sh~wn in j~igm 1.
in the beginning of June majority of the. ficlcls  wcm J]ot cw]tivatcd  or had very low
vegetation cover. Whereas in July the crop canopies were at later growth stage and had
considerable vegetation cover. in SAR data analysis, wc will focus on the fields where the
vegetation cover changes during the time bctwccn the two cxpcrimcnts.

3.0 SAR DATA
SA1-t clata were acquired over all three supcrsites  on June 19 and July 14, 1991.

‘J’hc sensor parameters arc given in ‘1’able 2. In the JPI. All{SAI{ system the rcccivccl  wave
is dcconJJ)oscd into two orthogonal po]ari?.e,cl  components, which indcpcnclcntly  feed two
identical and cohcrcnt  rcccivcd  channels. ‘1’hc reception polarization clivetrsity  is
accomplished by transmission polarization diversity so that an object’s ccmplctc scat[cring
matrix can be measured [Van Z,yl, cl al,, 1987, livans, et al.,  1988]. “1’hc basic ciatum
measured by AIRSAR is, thcrcforc,  a coInplcx  (amplitude ancJ phase) scattering matrix for
each resolution ccl]. For reasons of reducing the. data, the stokes  matrix is calculated from
the measured scattering matrix and stcmc{  in a conqmcsscd  format, “1’hc three-frcqucmcy
comJ)rcsscd irnagcs arc apJwoxin~atcly  12..5 Mbyte. liach pixel contains 10 bytes of data
w}~ich corresponds to 9 indcpcndcnt  clcmcnts  of a symmct  ric obscrvc,d stokes matrix.
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}~igurc 1. ‘J’hc land cover  distribution in the IIarrax site,

‘J’hc processing tcc}lnique. utilized to pmccss  tbe AIRSAR data produces images  of
16 look average of an area of 12. km x 8.5 kln with a pixc] spacing of 6 m and 12 m in slant
range and a74innuh  rcspcctivc]y . ‘J’hc SAR images arc provided in a compressed format at
tlmx  frequencies to the user. ‘J’wo t ypcs of complimentary calibration procedures am used,
1 ) intcrna]  calibration, and 2) cxtc~nal calibration. IJor the internal calibration, the
information collected from tbc system tests which aTc pe.rformcd  rcgular]y during a fti@t
campaign am used to obtain calibralicm pa~amcms  to bc used in tbc AIRSAR  proczssor.
“J’his will cmswrc that all the 4 cbannc,]s (4 polarimlions)  arc calibrated relative to onc another
at each frequency [Van Y.yl, 1992].

lixtcrna]  calibration allows absolt]tc calibration of tbc radar cross section of tbe
seem including the removal of the. cross talk and tbc. cbannc]  imbalance. “J’o do this, WC. usc
the infoma(ion  from tbc sccnc and tlibcdral corner  rc.flcctors  as external targets. ‘J’bc
responses from tbe corner rcfJcctors arc analyzed  to ca]culatc the absolute calibration
paramcte,rs. “J’hc absolute calibration paramctc,rs arc tbcn provided to the. AIRSAR
processor in order to produce calibrated images. in addition, corner mflcctol-s  were
dcp]oycd  on the Iil:JHIA sites (4 corner reflectors at the IIamx site) during the cxpcrimcnt
w}lich  arc used to check the. accuracy of the, Al RSAR calibration.



‘l’able 2. Characteristics of the J]’]. AJRSAR  ~lllllti-~>olaliz.atiol~  and ~~ltjlti-frccl~lcllcy
Systcm,

“=;ifi~ (}}-, 1.-, C-band){-–”-–~4~1~~3,3,  5.3 (H lZ
}’olarizations: )111,  IIv, v]], Vv
Swath Width: 8,5 km
lncictcme Angle Across Swath: 150. @o
Range l’ixcl  Si7jc: 6 m
Azimuth Pixel Size: 12 Ill
No. c)f Range  Samples: 12.80
No. of Azimuth Samples: 1024
Nominal Ahituck: 8 km
l’lat form: NASA IX-8.  —  _ _ _ _ _ _ _ _ _ .——

4.0 l~icld Mcasurcmcnts
Analysis of the SAR data and the verification of the SAR ctcrivcct

5

surface
parameters depend  on the availability of tl)c glound  truth data, l>uring the SAR flights,
ground ti’ll(h  data were collected over selected fields and plots at the Rarrax site (I;igurc 1).
“J’hc mcasurcmcnts  were conducted by many investigators during the first SAR flight. in
this study, wc usc the soil moisture and roughness mcasurcmcnts  collcctcd  by the
Wagcningcn  Agricultural lJnivcrsity  in ‘1’hc Netherlands over the IIarrax site [Visscrs and
1 lockman, 1992]. The vegetation sampling were concluc(ed by the University of Albacctc,
9~ pain, IMring  the second clay of the AIRSAR flights, soil moisture and vegetation
struct m-al mcasurcmmts  were  concluctd  by the J]]], group over limited fields [ Saatchi  ct
Cd., 1993].

“1’hc soil water content were measured by gravimctric  soil sampling and the neutron
probe measurwncnts. in addition, volumetric soil moisture sampling were carried out in
the surface la ycrs of O-5 cm and 5-10 cm depths. At ccr[ain sclcctcd  fields, the time
evolution of soil moisture at various depths and moisture cicpth  profile were also measured
[lIoIIc and Streckenbac}l, 199 Z]. ‘1’hc results indicate that the soil moisture variations occur
within the first 50 cm depth flom the surface and the hydraulic head stfiys almost ccmstant
at the depth of 70 cm. ‘1’hc irrigation of the fields has caused a sharp increase of water
coniemt  at the depths of 10 and 20 cm, ]n the analysis of the SAR data, wc arc only
interested in soil moisture of the top 10 cm where the raclar  signal can pcnettatc,  ‘]’his layer
is also known to be an act ivc la ycr for the e.vaporat  ion process during the summer months
in this climate region. ‘J’he. ~round  truth data given in ‘1’able 3 are. used to verify SAR
ctcrivcd paranletcrs  in the following sections.

‘1’able 3. IJicld n~casurcmcnts  over two fields at the Barrax site [saatchi,  1992, IIollc and
Strcckcnbach,  1992., VisscIs and } lockman,  1992].

EZG2B!a3=-Sl

soil nmisturc.  soil moisture RMS }Icigh[



5.() Sca~tcring Model

‘J’hc backscattcring  model used in this study is based on the IIistortcct Born
Approximation (1111A)  [l,ang and Sidhu,  1983]. Wc have simplified the 1111A model in
order to rctricvc the soil and vegetation ~Jaran~cicrs directly. ‘1’he clcctromagnctic  sca(tcring
model for a gemcral  vegetation canopy is shown in 1 ;igurc 2. “1’here, a vegetation canopy of
thickness d DVCI  a lossy rough  ground surface having comp]cx dielectric constant c is
shown. “1’hc canopy is modeled as an cnscmblc  of leaves and branches. ‘1’hc leaves arc
elliptical dielectric discs and the branches arc dic]cctric  circular cylinders w}~ich arc
distritm(cd  uniformly in the azimuth direction, “J’his model has been applied to corn and
soybean canopies where the paramclcrs such as size, orientation distributions and dielectric
constant of the vegetation components }mvc bce.n  used as in~mts to the nmdcl  [Saatchi,
1992.] .

Air

x=-d
Soil

l;igurc  ?. Vegetation Canopy Model

‘J’hc common approach to model the clcctromagnctic  sca(tcring  from a canopy
consists of two steps, 1 ) to relate the SAR measured backseat tcri  ng coefficients to the sccnc
and 2.) to relate the. model parameters to the physical parameters of the canopy . ‘1’hc
backscattcring coefficients measured by SAR can bc decomposed into vcgctat  ion and soil
contributions.

(3° 0 + CJ~~i]canopy  “ Ovcg (1)

According to the DIIA model onc can further dcccmposc the vegetation contribution
to several scattering nlcchanisms from which only the volume scattering and the surf’acc-
volumc  interaction terms arc dominant. ‘J’hcrcforc,  the vcgctat  ion component can bc wri(tem
as:

(& = 0 0
‘Lo] + %wf - V o l (?.)

IIcpcnding  on the type of tlic vegetation canopy the weight of each term in the total
vegetation ccmtribution  may vary. I/or example, for canopies like corn where there. arc
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moist vcriical  stalks, the surface-volume interaction terms arc strong in the co-polarized
return (}iigurc 3).

“J’hc ctcrivation  of analytical cxlm.ssions  for each individual contributing terms
depend strongly on the size and distribution of the scatterers (Icavcs  and branches) in the
canopy and their relative pcrmittivity, ‘J’hc back sca(tcring  coefficients arc also dcpcndcnt
on the incidcncc ang]c O and the polarization of the transmit and rcccivc waves. I/or the
polarimctric SAR applications, wc only usc the co-polarized signals(1111 and VV) and the
cross-polarized term (11 V).

Since wc arc intcrcstcd  to cst imatc the canopy water content and the soil moisture,
the mode] is modified to include these variab]cs. Wc have chosen the canopy water content
versus the wet or dry biomass bccausc it is directly computed in the model and it is
indcpcndcnt  of the type of the vegetation. ‘1’hc copolarimd  terms arc dcpcndcnt  on both

VOIUIW SCal[cr’ing Surface-Volume Scalkring

‘ a) \
(b)
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Soil Surface. Sca[lcring

(c)

liigure  3. IJominant  scat[crin~  rmxhanisms  in a vcgctat  ion canopy,

canopy and soil parameters. 1 n other words all three indcpcndcnt  terms in (1) ancl (2.) arc
impor{ant in simulating the co-po]arizcd  return. 1 lowcvcr, only the volume scattering from
the vegetation canopy is impor[ant  in cross po]ariz.cd term. ‘J’hc surface scattering and
surface volume interaction terns arc often negligible w}~cn simulating the SAR data over
the agricultural fields. It has been shown that the cross polarized term can bc written in
terms of the canopy water content [ Saatchi  cl al., 1993]. in the next section, wc dcscribc
the inversion adgorithm dcvclopcd  to estimate these parmc.tcrs from the SAR data.



6.() lnvcrsion  Algorithm

6,1 1 ktimat ion of Canopy  WaOx Ccmtcnt:

“1’0 estimate the canopy water content wc use the fact that the cross polarized return
from the SAR data shows a s[rong corrclrition  with the volume scattering in the vcgciation
cano~)y. It INKS  been shown in the previous seetion  that this statement is par[icular]y  valid
where analyzing the SAR data over the IIarrax  site at two ciiffcrcnt  dates where the
vegetation biomass has changed. ];igure 4 shows the 1111,  VV, and 1 IV SAR returns from
irrigated corn fields for both dates of June 19 and July 14. IIuring the June 19 cxpcrinmnt,
the corn plants were grown approximately 25 cm and the soil surface was complete,] y
exposed. ‘J’o t,hc radar signal at the 1.- and C-band this field appears as bare or with very
low vcgctat  ion. (h July 14, the coJ’n plants were grown approximatcl y I m high and the
soil surface was covered by vegetation. ‘J’hc soil  surface was wet and the moisture content
remained approximately the, same during the two SAR flights.  ]JI ]iigurc 4, 100 data
points at the same incidence angle, with the.ir mean and standard deviation, extracted from
synthcsimd ilnagcs  over the corn fields are illustrated, ‘1’hc } IV tam at both frequencies is
increased mom than 10 dll w})crc the 111 I and VV terms have shown approximately 5 d~l
change. As it was mcnt ioned earlier, the cross polari  md term is mainly dependent on the
Vegetation water content. Whereas, the co-polarized terms arc clcpcndcnt  on both
vegetation and surface parameters which arc difficult to separate. IIy using the model
Cxprcssion for] IV return which has two indcpcndcnt  parameters, canopy water content anti
a frequency independent weighting factor and using the 1.-band and C-band } IV rctmm
from the SAR. data, we estimate, the canopy water content [Saatchi,  1993]. “1’his  algorithm
assumes that the canopy water content C1OC.S  not CXCCCCI  4 kg/m~.  1 hmlhcrmorc,  for very
low values of 1 IV returns, it is assumed that the surfi~cc is nonvcgc.tated.  CXhcr tests, such
as the unsupervised classification, to distinguish between vegetated and nonvegctated  areas
arc also used to guarantee the accuracy of the inversion algorithm [Van Zyl, 1 988].

IJigurc.  5 shows the result of the inversion algorithm for the canopy water content.
A gray scale has been used to illustrate the result in an image form. ‘1’hc bright circular
areas arc mainly canopies with high value of water content, Comparison of June 19 and
July 14 images show the diffctmcc  in the state of the canopies and a simple visual way of
detecting the c}langes in the vegetation growth. ‘1’lw results arc in agreement with the field
observations during the experiment, In other words all the vegetated areas picked by the
algorithm nlatc}~  qualitativc]y with the amount of vegetation in the fields, IIuc to lack of
ground truth data available at this time,  the quantitative ccmpariscm has been made on] y
over one corn field. ]Jigurc 6 shows the comparison bctwccn  the ve,gctation  water content
estimated by [he algorithm and the ground truth wet biomass data collected over the field
}31. Note that the error is par(ia]ly  due to the fact that we are comparing the water content
with the biomass data. lly using the appropr iatc factor to translate the canopy water content
to the wet biomass of corn crop, the magliitudc  of the error may change slightly.

6.2 Soil Moisture lktimatim:

It has bcem shown that the soil surface roughness and the vegetation have
significant effect on estimating the soil Inoistuw  [lJlaby er al., 1986]. According to

cqllation  (1), (~~Oil and @Urf. “01 include  the urdcrlyirlg  soil parameters such as roughrms
and dielectric constant (moisture). in the model these terms ale expressed in a rough
surface scattering model ancl the 1111A  formulation. IIot h terms also dcpcncl cm the
vegetation water content through an attenuation factor’. IIy knowing the canopy  water



Content, the effect of the vegetation in the co-polariy.cd  terms can bc Cmrrcctcd.  “J’his
correction is readily ctonc by calculating the volume scattering terms and the vegetation
attcnuat ion factors in the surfi~cc-volume interaction term and the soil backseat mri ng terms.
By subtracting the volume scattering term from the lotal backsca(tcring  cocfficicn[, an
cxprcssicm can bc found  which on] y de.pcnds cm the surface dielectric constant and
roughness parameters. ‘I”hcrc arc many rough surface scat [cring models in the ]ilcraturc
which can bc used to model the corrcctcd backscattcring  coefficient. in this study, wc have
used a simple linear model to rcprcscmt the effect of t hc surface moisture. ‘J’his linear
equation is obtainccl  by model simulations and the Imst-Squard fit of tllc model to the
SAR data by adjusting the roughness parameters over known bare fields. l’he linear
equation  can bc expressed as follows:

011}1Ocor,c,,cd = A(O) -I 13(0)Mv (3)

wl~cre  ‘~~!!!led  is tl~c corrccte~ III 1 Polarized  t)ackscattcring  cocfficicnt, MV is tl~e soil
moisture and the coefficients A(O) and 11(0)  are linear func{ions of COSO which are found as

a result of an optimization  te.c}miquc. “1’hc functions A(O) and R(O) also ctcpcnd on the
frequency. in this study, wc usc the 111 I po]arized  data at I.-band to estimate the soil
moisture. At this frequency, the function }1(0) can bc approximatcxt by a constant. Similar
approach was used by Ulaby  c1 al., [1982] at C-band. in the above formulation, the
incidcncc ang]c O is known for each pixc] from the SAR images. By knowing the
coefficients of equation (3) one can rcaciily estimate the soil moisture from the SAR images
over bare and the vcgctatcd  fic~ds.

l~igurc 7 shows the SAR derived soil moisture images over the Barrax site. A
qualitative comparison of the images in 1 ;igurc  7 with the field observations shows a good
agrccmcnt.  To check the rcsu]ts quantitativc]y,  wc have used the soil moisture content
from the top 5 cm layer of a dry bare field and an irrigated corn field with very low
vegetation (’J’able 3) to compare with the SAR derived soil moisture in Figure 8. ‘1’hc
results illustrate that the algorithm detects the dry and wet fields correctly. 1 lowcvcr, the
absolute values of soil moisture arc off by 30%. l~urd~crnmrc,  both images in l~igurc  7
show that soil moisture values of near range are higher than the far range. “J”his is mainly
duc to the fact that most of the irrigated fields arc in the near range. 1 Iowcvcr, there is an
error duc to the radar look ang]c  variations since the regression line used in equation (3)
cjocs not compensate for the roughness and incidence ang]c correctly, A rough surface
backscat(cring  inversion model in conduction with SAR polaritmtric  data may provide bmcr
results.

7.0 Summal”y
in this study, wc have used a physically bascct  backscattering moctcl  (1111A) to

interpret the SAR data and to develop inversion algorithms. ‘1’wo parameters which arc
uscfu] in hydrological studies and land-surface atmospheric interaction models arc chosen
for the retrieval algorithms: the canopy water content, and the surface soil moisture. “1’hc
1 IV backscattcring  cocfficic.nts obtained from the SAR data have shown a strong corrcla(ion
with the canopy water content. ‘1’his term is then modeled as to include oJ~ly the volume
scattering contribution. An algorithm using the I.- and C-band IIV polariz.cd  SAR data
was used to estimate canopy water content, ‘1’hc.  rcsu]t of the inversion algorithm has
shc)wn a good agreement with the, ground truth data,
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Next, wc used the estimated canopy water content in the expression for 1111
polarimd  backscat~md power to correct for the vegetation effects. ‘1’hc corrected 1111 SAR
image at 1.-band depends only on the surface moisture. A regression algorithm which
relates the SAR data to soil moisture was them used to obtain a new image for soil
nloislure,rl’he.  estimated soil mois[ure over the IIarrax site iden t ifics the wet and clry fields
accurately but when compared with ground  truth data the ms error is approximately 30%.
The cstimaticm errors in both algorithms arc caused by a variety of sources SUG}]  as the data
calibration, modeling approach, and the ground truth mcasurcmcnts.  “1’he inversion
algorithms can be improved by eliminating or reducing the sources of errors.
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1 ;igurc  5. SAR derived canopy water content over IIarrax site for June 19 (Icft) and July
14 (right) data sets.
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lrigmc 7, SAR derived soil moisture ovc,r  Barrax site for June 19 (left) and July 14 (right)
data sets.


